Abstract. We propose a new method to obtain information about processes that structure plant communities. We analysed the relationship between the presence and dominance of species across a range of habitats. A simple regression model was used to describe this relationship for each species. Based on the regression parameters, we distinguished globally dominant species, which dominate in the same proportion of plots within a habitat as in which they occur, locally dominant species, which reach dominance only when present in almost every plot of a habitat, and intrinsically subordinate species, which never attain dominance. We tested this method using a large data set of species occurrences across a range of salt marsh habitats. The relationships between presence and dominance could be described well by the regressions, and showed large differences between the species. Global dominants occurred later in the succession and higher on the elevational gradient than intrinsically subordinate species. Local dominants were characteristic of early successional stages. These patterns are discussed in the light of colonisation-competition and tolerance-competition trade-offs.
Introduction
There is a long-standing dispute over whether the analysis of field data of species occurrences and cooccurrences can disclose the forces at work in structuring a community (e.g. Connor & Simberloff 1979; Fox 1987; Wilson 1989; Drake 1990; Stone & Roberts 1992; Goldberg 1995) . Most studies trying to do this focus on the qualitative aspect of community composition, by investigating which species co-occur under certain conditions. Much fewer studies try to unravel why species differ in their relative abundances when co-occurring (but see Grime 1984) . Interacting effects of plant traits and environmental factors determine the relative abundances of plant species within communities. Inherent adaptations of a plant population to specific environmental constraints often lead to reduced fitness under other con-
Do intrinsically dominant and subordinate species exist?
A test statistic for field data *Corresponding author; Fax +31 317 484845; ditions, e.g., due to trade-offs between the investment of nutrients and energy in different plant parts or functions (Tilman 1990) . Therefore, specific environmental conditions have their own characteristic dominants. Relatively unfavourable environmental conditions for a species can prevent a species from becoming one of the dominants, but it may still occur as a subordinate species. Species which are dominant under certain conditions may be subordinate in other, less favourable conditions. The reverse is, however, less clear. Whenever a species is found to be subordinate in a certain community, it is not a priori clear that it will be dominant somewhere else. Some species may just lack the traits needed to achieve dominance at all which would make them intrinsically subordinate species. It is important to identify these subordinate species, since they may be the first to become extinct if the habitat is perturbed. Intrinsically dominant species may be less vulnerable to extinction. Large differences in niche width of plant species exist (Austin 1985 (Austin , 1986 , meaning that some species occur under a wide range of conditions, while others have narrower habitat requirements. Interspecific differences in phenotypic plasticity are especially thought to be responsible for this (Grime et al. 1986 ). More plastic species may be able to adapt to more different types of conditions, and hence achieve competitive superiority in many different habitats. Species lacking these features are expected to occur only under quite specific conditions in narrow 'windows of opportunities' as small-scale gaps, or only in a short period of the year (e.g. winter annuals).
A clear distinction between different dominance types may be useful with respect to conservation issues. Species that are subordinate throughout their whole distribution are expected to have small effective population sizes and may hence be more vulnerable to extinction due to environmental fluctuations (Rabinowitz 1981; Hodgson 1986 ). Those species may therefore be the first to which conservation measures, such as reintroduction, should be directed at.
Various terms and classifications have been used to distinguish between species differing in dominance characteristics. Species which are able to dominate under many different conditions have been termed dominants (Grime 1984) , matrix species, competitors (Grime 1973) or core species (Wisheu & Keddy 1992 ) while species which rarely attain dominance have been called subordinate (Grime 1984) , fugitive (Platt & Weiss 1985) , satellite (Wisheu & Keddy 1992) , interstitial (Keddy et al. 1994) or redundant (Rastetter & Shaver 1996) species. Although many authors distinguish between dominance types of species, we lack clear criteria to distinguish between them. We are not even certain whether such distinctions are ecologically valid. Just to observe that a species occurs in high abundance over large areas would not be enough to identify it as an intrinsically dominant species. The conditions under which it attains dominance may be quite unique, but homogeneous over a large geographic range. A species which occurs somewhere at low dominance may, or may not, be a dominant somewhere else (Rabinowitz 1981) . Across-habitat studies should therefore be performed to solve this problem.
In this study we develop a method to classify species into different dominance types using field data of species occurrences in a range of habitats. This may contribute to the understanding of the ecological processes that determine community structure and species richness.
A new method
A habitat, i.e. a homogeneous area covered by a certain vegetation type, can be considered as a grid with small-scale, plots -say 1 m 2 -each of which can contain a certain number of species. An intrinsically dominant species which has colonized a certain proportion of the plots of a certain habitat is expected to dominate in the same proportion of plots of that habitat. Dominance is defined here as having the highest, second highest or third highest cover in the plot under consideration. If that species in another habitat occupies even more plots, it will also be a dominant species in more plots. For intrinsically subordinate species this relation is expected to be different. In general, the relationship between presence and dominance of species in communities may take three different forms:
1. A species becomes one of the dominants in the same proportion of plots in which it occurs in a habitat (global dominants). The fraction of plots in which a species is one of the dominants increases proportionally with the fraction of plots in which a species is present 2. A species becomes one of the dominants only if it occurs in most plots in a habitat (local dominants). The fraction of plots in which a species is one of the dominants increases exponentially with the fraction of plots in which a species is present 3. A species never attains dominance, not even when found in most of the plots of a habitat (subordinates).
We tried to distinguish between these three cases by first grouping vegetation samples into a range of habitat types based on environmental characteristics, and then studying the relationship across habitats between the proportion of plots in which a species occurs (p) and the proportion of plots in which a species is one of the dominants (d). An arbitrary cut-off level for performance is needed to identify a species as a dominant. Dependence of d on p can be explored by fitting a simple power function to across-habitat data:
where parameter L indicates the proportion of plots in which the species is dominant at complete presence (p = 1), and the parameter G indicates the relative rate at which d increases with p towards L. When G approaches 1, this means that a species is dominant in the same proportion of plots in which it is present, and L is expected to be 1 (Fig. 1) . This would make this species a global dominant. When the value of L is still high (between 0.5 and 1) but G is much higher than 1, then the species increases in dominance at higher presence, which makes it a local dominant (Fig. 1) . When L is much lower than 1 and G is equal or lower than 1, the species is a subordinate species (Fig. 1) .
Test of the method on salt marsh vegetation
The method was tested using data collected in a previous study on zonation and succession in a coastal salt marsh on the Dutch island of Schiermonnikoog. A full account of the layout of the study plots and ecology of the area is given by Olff et al. (1997) . In this study, transects from higher dune foots to the low salt marsh were studied in a chronosequence of ages ranging from 10, 25, 35, 60 and 100 yr of vegetation and soil development since bare sand flats. The progress of succession was determined from aerial photographs. Succession proceeds in this system by accumulation of silt due to sedimentation, especially towards the lower end of the gradient. The lower salt marsh is inundated more often, and is therefore more saline and waterlogged. In each of the five areas with estimated successional age, we placed a grid consisting of 11 vertical and a variable number of horizontal rows of 1 m 2 plots (51 -60, depending on the local topography) located adjacent to each other in a grid. For every 1-m 2 plot we measured elevation (m) with respect to Mean High Tide (MHT, 0.95 m above Dutch Ordnance Level) using a theodolite. During June and July 1991 we determined for each of the 3927 plots which species were present, and which three 'dominant' species had the highest percentage cover (determined subjectively). The other species were considered subordinate. For the distinction of habitats, we divided the elevation gradient in each of the transects in three classes: 1: < 0.45 m + MHT; 2: 0.45 -0.65 m + MHT; 3: > 0.65 m N.A.P. The combination of three elevational classes and five successional ages provided 15 habitats, for which the proportion of plots occupied and the proportion in which a species was dominant, was calculated. In total, 36 species were found reflecting the species-poor nature of these salt marsh communities, of which only 13 species occurred in 15 % or more of the plots. For these species, we studied the dependence of proportional occupancy and proportional dominance across habitats (n = 15). Eq. 1 was fitted to the data of these species using non-linear regression (Levenberg-Marquardt algorithm), which allowed the inclusion of zero percent dominance data at a certain proportional presence (a species can be present in a certain proportion of the plots within a habitat without ever attaining dominance).
In order to explore if the resulting parameters for each species reflected something about the ecology of the species we related these parameters to the successional position of the species and their position along the elevational gradient. The successional position was calculated as the weighted average of the years in which the species occurred. The elevational position was calculated as the weighted average of all elevations at which a species occurred. This method resembles the calculation of indication or ecological optimum values (ter Braak & Looman 1986 ). Based on the criteria given above, each species was classified as either a subordinate species (SO), a local dominant (LD) or a global dominant (GD). Differences between these three groups in successional and elevational position of the component species were tested by one-way analysis of variance, followed by Tukey contrasts.
Results
The fit of the regression was very good for almost all species, showing that dominance and presence are clearly related, and that the form of the relationships was quite different among species (Fig. 2) . The early successional species Puccinellia, Suaeda and Spergularia were clearly local dominants which only achieved dominance when present in most of the plots in a habitat. The late succes- Table 1 . Regression parameters and R 2 for the dependence of the proportion of plots in which a species is dominant on the proportion of plots in which a species is present, across 15 habitats on a salt marsh (see Eq. 1 and Fig. 1 ). Also indicated is the elevational and successional position of each species, calculated as the weighted average of elevation and years in which the species has been found (n = 3927). sional perennials Artemisia, Festuca and Elymus were clear examples of global dominants, which became dominant in the same proportion of plots of a habitat as in which they were present. Clear subordinates in this range of habitats were Salicornia and Glaux. All species were classified into one of these three dominance types based on the criteria given in the methods, and the result is given in Table 1 . The three dominance types differed significantly in their successional position (F 2,10 = 5.48, P = 0.025). The global dominant species occurred later in the succession than the local dominants, while the subordinate species were in between and not significantly different from these two groups (Fig. 3) .
The elevational position was almost significant between the three groups (F 2,10 = 3.52, P = 0.07). The Tukey test revealed significant differences where global dominants occurred higher on the elevational gradient than subordinate species. Local dominants had an intermediate position.
Discussion
The relationships between the proportional presence and proportional abundance of salt marsh species across habitats were remarkably good, and showed different types of relationships between species. The method therefore seems to work well to explore certain features of the dominance types present in a set of plant species. The differences between the dominance types in elevational and successional position of the species may help to understand which traits characterise the species of each group, and which processes are structuring these communities. Global dominants occurred later in the succession. This may be due to a trade-off between colonisation ability and competitive ability (Tilman 1993) . Species which are good competitors because they invest in stems, height growth and vegetative storage (as Artemisia and Elymus) may have difficulty in invading a community very rapidly, because they produce less seeds, have poor dispersal, or have difficulty in establishing from seeds once arrived. A high potential dispersal as derived from data on floating and standing seeds and deposited driftline material (Bakker et al. 1985; Huiskes et al. 1995 ) is expected in the annual pioneer species Salicornia, Spergularia, Limonium, Festuca and Elymus. These authors found a low potential dispersal in Puccinellia, Plantago, Artemisia and Armeria. This may imply that the late successional position of Elymus is not due to dispersal limitation, but to some other factor, e.g. competition during the establishment phase.
Interestingly, local dominants (such as Suaeda and Plantago) were on average the first to appear in the succession. These species which probably can invade very quickly and reach high abundances, but can not hold on to their dominant position very long. Species which occurred lowest on the salt marsh (the most salt tolerant species, as Puccinellia and Salicornia (Rozema et al. 1985) were generally the subordinate species in these communities, while global dominants occurred highest on the marsh. This is in accordance with the idea that species that adapt to very harsh conditions are generally poorer competitors. A general dogma of salt marsh zonation is that the lower vertical limit of species is controlled largely by tolerance of tidal factors, while the upper limit is fixed by interspecific competition (Snow & Vince 1984; Gray 1992; Pennings & Callaway 1992) . This view is thus confirmed from the observed presence-dominance relationships of the species.
It should be noted that any definition of dominant and subordinate species is scale-dependent. We chose to analyse dominance at a 1-m 2 plot size, since we think that this is the scale at which interspecific competition occurs. Analyses of co-occurrences of species over larger spatial scales are expected to yield different results.
Most studies analysing large data sets of species occurrences aim at finding so-called assembly rules for communities (Connor & Simberloff 1979; Wilson 1989; Drake 1990; Smith et al. 1995) . Assembly rules are thought to structure communities, meaning that the species are a non-random subset of the regional pool of species (Pimm 1991, p. 189; Law & Morton 1996) . Therefore, permutation tests are often used to detect significant deviations from random occurrences of species. The bottom line of the approach has been that species that are more alike in resource use (guilds, c.f. de Kroon & Olff 1995) are expected to co-occur less on small spatial scales since they will outcompete each other. Therefore, this approach has been used to infer conclusions about the importance of competition in structuring community composition (Wilson & Gitay 1995; Stone & Roberts 1992) . However, the appropriate null models are still debated (Wilson & Roxburgh 1995; Fox & Brown 1995) .
An other approach to identify the forces at work in structuring plant communities has been followed by Keddy and co-workers (Keddy 1992; Wisheu & Keddy 1992; Keddy & Shipley 1989; Keddy et al. 1994 ) who studied experimentally derived competition matrices. These authors conclude that plant species are often arranged in a fixed order of competitive ability from good to bad, rather irrespective of the habitat characteristics. They explain the differential dominance of plant species in different habitats by differences in tolerance to adverse environmental conditions. A habitat type without any unfavourable conditions to plants is termed a core habitat, in which one or a few core species dominate. These core species are especially good competitors for light. Species occupying the unfavourable habitats (wet, acid, saline, etc.) are termed satellite species. A problem with the experimental derivation of competition matrices is that it is subject to practical constraints regarding the length of the study and the number of species that can be investigated. Pairwise competition studies involving a large number of species are never maintained longer then a few months (see, e.g. Keddy et al. (1994) ). Good competitors in these experiments will be species that do well during the early dynamics of the competitive interactions, when plants mainly struggle for light. In the long run, poor light competitors can, however, outcompete these good light competitors, but this may take several years (Tilman & Wedin 1991) . Nevertheless, the global dominants as identified in our study are expected to correspond to the species at the top of the competitive rankings as observed by Keddy et al. (1989 Keddy et al. ( , 1994 . Species at the bottom of their rankings may be either local dominants in a different (adverse) habitat or intrinsically subordinate species.
We suggest that the method proposed in this paper may provide some insight into the relative importance of competition and dispersal in determining the abundance of plant species across a range of habitats. This may help in designing management practices aimed at restoration of species-rich plant communities, e.g. through lowering the intensity of competition for light (grazing, mowing) or through enhancing seed dispersal across habitats (reintroducing grazers or flooding) (Olff & Ritchie 1998) .
We advocate that a joint analysis of species cooccurrences, competition experiments and presence-dominance relationships is a powerful tool for unravelling the processes at work that structure plant communities. 
